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CHIMP  AND  THICKNESS  RELATIONSHIPS  IN  MAXIMUM  WEAVABLE  FABRICS 


Introduction 

Aside  from  stres3“strain  considerations,  the  textile  designer  is 
most  often  concerned  with  weight  and  tightness  relationships  in  woven 
fabrics.  Weight  is  important  from  the  standpoint  of  economics  and  to 
provide  a  base  line  from  which  to  assess  physical  and  mechanical 
properties.  Tightness  is  necessary  to  achieve  certain  specialized 
functional  properties  such  as  wind  and  water  resistance,  ballistic 
resistance,  and  general  fabric  stability. 

Another  area  of  significance  is  that  of  fabric  thickness.  Thickness 
determines  the  rate  of  heat  tranefer  through  a  fabric j  its  moisture 
vapor  permeability}  and  toxic  vapor  permeability.  In  addition,  fabric 
thickness  is  a  function  of  the  yam  crimp,  and  the  latter  is  a  significant 
factor  in  tear  strength  and  abrasion  resistance. 

A  significant  simplification  in  the  procedure  for  designing  fabrics 
of  maximum  tightness  was  outlined  in  a  Textile  Fabric  Design  Handbook1 
published  in  1970.  This  Handbook  presented  in  tabular  form  the  solutions 
of  the  maximum  weavability  equations  for  the  plain,  oxford,  3-,  and  k- 
hamess  twills,  5-harness  sateen  in  terms  of  warp  and  filling  cover 
factors  and  yam  number  ratio  (Beta)  for  fabrics  made  from  any  fiber 
species  and  from  blends.  For  all  practical  purposes  the  tables  provide 
all  the  necessary  information  needed  by  the  designer  of  textile  fabrics 
to  produce  reasonable  designs  of  compact  textile  fabrics  or  fabrics 
woven  to  a  certain  percentage  of  maximum  compactness.  These  tables 
therefore  satisfy  the  need  for  design  information  for  maximum  weavable 
fabrics  for  wind  and  water  resistant  applications  and  many  other  applica¬ 
tions  of  interest  to  the  military. 

The  purpose  of  this  study  is  to  supplement  the  Handbook  tables  by 
another  set  of  tables  which  furnish  information  on  crimp  and  thickness 
parameters  of  maximum  weavable  fabrics.  Where  it  is  desired  to  design 
to  a  certain  fabric  thickness  the  c»imp  corresponding  to  the  displacement 
ratio  (b/D)  and  tbe  spacing  ratio  (p/D)  for  each  yam  system  may  be 
predicted  from  the  basic  equations  of  Peirce^  as  modified  by  Lov©3  and 
then  the  cover  factor  corresponding  to  the  required  p/D  and  yam  balance  ratio 
(B)  may  be  obtained  from  the  supplementary  tables. 

The  development  of  these  tables  completes  the  procedure  for  designing 
maximum  weavable  fabrics  in  terms  of  three  essential  characteristics: 


1  -  Weight  -  utilizing  conventional  design  techniques* 

2  -  Cover  and  tightness  -  utilizing  the  tables  in 

reference  1 . 

3  -  Crimp  and  thickness  -  utilizing  the  tables  prepared 

in  this  study* 

Much  of  the  geometry  required  for  the  derivation  of  the  equations 
which  will  be  used  in  this  scudy  has  been  described  previously.  >3 
However,  there  are  certain  elements  of  the  geometry  which  are  critical 
to  the  understanding  of  the  crimp  and  thickness  interactions,  so  that 
a  certain  amount  of  repetition  will  be  made  for  the  sake  of  clarity. 

Geometric  Considerations 

In  approaching  the  development  of  the  equations  for  maximum  weavoble 
fabrics  made  from  the  basic  weave  types,  a  logical  point  to  begin  is  the 
plain  weave,  the  geometry  of  which  was  brilliantly  worked  out  by  Peirce? 
in  1937*  The  work  done  in  this  country  subsequent  to  Peirce's  analysis 
has  been  concerned  with  the  extension  of  his  basic  equations  for  the  plain 
weave  to  the  other  weave  types  -  particularly  in  the  maximum  weavable 
construction.  In  addition,  Love3  extended  the  basic  relationship  between 
yarn  displacement  (h/D)  and  the  yarn  spacing  (p/D)  to  the  other  weave 
types. 

The  ability  to  design  fabrics  of  a  given  thickness  stems  from  the 
relationships  evolved  by  Peirce  showing  that  the  sum  of  the  yam  displacement 
(h)  and  the  yam  diameter  (d)  provides  the  thickness  of  the  fabric,  within 
the  framework  of  error  based  on  the  assumptions  that  are  made.  Thus,  the 
thickness  of  the  fabric  may  be  obtained  from  the  equations: 


G  *  h1  +  d,  (1) 


or 


»  -  hg  +  dg  (2) 

whichever  has  the  greater  value.  Assuming  (h^  +  d^  >  (h2  *  c^) ,  then 

it  also  may  be  said  that  the  projection  of  the  warp  yam  crowns  above  the 
filling  yam  crowns  is  equal  to  (h,  +  d^  -  (lu  +  cU).  The  reverse 
relationship  applies  when  the  filling  yam  crowns  project  above  the  warp 
yam  crowns.  The  basis  for  the  thickness  and  crown  projection  formulas  is 
apparent  from  examination  of  Figure  1  below: 


o 


In  using  the  h  +  d  relationship  to  obtain  an  approximation  of 
fabric  thickness  it  is  necessary  to  have  an  indication  of  the 
magnitude  of  these  two  parameters.  The  magnitude  of  d  may  be  obtained 
with  a  suitable  degree  of  precision  from  the  equation: 


yarn  diameter  (in  inches) 


syM. 

/  N  I) 


(3) 


where:  .031*2  is  a  factor  applicable  only  to  the 

cotton  system  of  numbering  yarns 

N  is  the  yarn  number  expressed  in  the 
cotton  system 

D  is  the  density  of  the  yam  expressed  in  gm/cm3 

Since  Peirce  assumed  a  density  of  0.909  for  a  cotton  yarn  in  a 
maximum  weavable  fabric  construction,  the  above  equation  W 
simplified  for  the  case  of  cotton  yarns  nvuab«red  in  the  cotton  system 

as  follows: 


3 


yarn  diameter  (inches)  ■  *0352 

nr 


(U) 


Thus  for  mad—  wearable  fabrics  a  good  approximation  of  the 
diameter  of  the  yam  expressed  in  inches  may  be  obtained  if  the  yam 
number  is  known* 

Once  the  value  of  d  is  known  then  the  required  value  of  h  may  be 
obtained  by  subtracting  d  from  the  desired  value  of  fabric  thickness* 

The  balance  of  the  design  problem  then  revolves  around  the  method  of 
obtaining  this  value  of  displacement  (h)  in  the  fabric. 

The  displacement  of  the  yams  in  a  fabric  is  a  function  of  crimp, 
and  for  given  yam  sines  it  is  possible  tc  modify  the  crimp  so  that 
the  desired  value  of  displacement  may  be  obtained.  First,  let  us  consider 
the  relationship  between  crimp  and  other  geometric  fabric  parameters  in 
maximum  veavable  plain  weave  fabrics* 

Derivation  of  Crimp  Relationships  in  Maximum  Wearable  Plain  Weave  Fabrics 

Consider  a  cross  section  of  the  unit  cell  across  the  filling  yams 
in  a  maximum  aeavable  plain  weave.  Note  that  since  there  is  no  straight 
portion  to  the  warp  yam,  the  configuration  of  the  unit  cell  will  appear 
as  in  Figure  2  below: 


Figure  2  -  Crimp  Relationships  in  Plain  Weave 


p?  is  the  spacing  of  the  filling  yarns 

v1  is  the  angle  of  inclination  of  the  warp  yarn 
to  the  plane  of  the  fabric 


D  is  the  sum  of  the  diameters  of  the  warp  and 
filling  yarns  *  AC 

hg  is  the  displacement  of  the  filling  yarns 
In  the  above  illustration,  fractional  warp  crimp  may  be  defined  as: 


L1  ~  p2;  the  corresponding  filling  crimp  is  C2 
p2 


h  "  pi  (5) 
pi 


These  equations  may  be  expressed  as: 


c  -  -L  -  1 
1  p2 


Lo 

c*  *  *  1 


We  may  normalize  these  equations  in  terms  of  the  diameter  sum  D 
by  dividing  the  top  and  bottom  of  the  L/p  ratio  by  D  thus: 


'  5$  '  ' 


-  i 

pi  7c 


From  Figure  2  above,  it  may  be  seen  that  the  angle  of  inclination 
01  is  identical  to  the  angle  formed  by  the  sum  of  the  yam  diameters  "D" 
and  the  vertical,  construction  line  drawn  through  the  center  of  the  filling 
yam  on  the  right. 

The  sine  of  this  angle  0^  is  identically  equal  to  p2/D 

In  addition,  it  may  be  seen  that  the  value  of  this  angle  0 , ,  expressed  in 
radians,  is  equal  to  or  to  L 1/D.  Thus  the  crimp  values  for  the 

warp  and  filling  directions  of  maximum  wearable  plain  weave  fabrics  are 
as  follows: 


gl  radians 
sin  6. 


82  radians 
sin  0„ 
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Also  from  Figaro  2  it  may  be  noted  that: 


hg/D  -  cos  0^  and  correspondingly  (9) 

hj/D  *  cos  ©2  (10) 

Since  sin  01  runs  from  zero  to  a  marl, mum  of  one,  and  since 
sin  0-j  ■  P2/D;  ve  can  construct  a  table  of  values  of  P2/D  running 

from  0  to  1  in  Intervals  of  .1  and  determine  the  corresponding  value 
of  as  the  cosine  of  the  angle;  L^/D  as  the  angle  itself  expressed 
in  radians;  and  finally  compute  the  value  of  c1  as  ah  com  in  equation 
(8)  above. 

The  significant  feature  of  such  a  table  is  that  for  a  givee. 
w  can  adjust  crimp,  by  proper  manipulation  on  the  loom,  so  that  a  given 
1 JD  may  be  obtained.  The  h/D  value  controls  the  thickness  of  the  fabric; 
since  the  thickness  of  the  fabric  must  be  either  h^  +  dLj  or  h'_  +  d2, 
whichever  is  greater. 

Of  more  interest,  is  presenting  h/D  as  the  independent  variable 
since  this  is  the  parameter  which  must  be  determined  to  provide  the 
necessary  crimp  and  spacing.  This  has  been  done  using  an  appropriate 
computer  program,  and  is  included  as  the  first  3  columns  of  the  crimp 
tables.  A  portion  of  the  print-out  of  warp  crimp  and  displacement  which 
includes  the  L.,/D  ratio  also,  is  shown  in  Table  I. 

TABLE  I 

WARP  CRIMP  AND  FILLING  TARN  SPACING  IN  TH1MS  CF  TARN  DISPLACEMENT 
FOR  MAXIMUM  WEAVABLE  PLAIN  WEAVE  FABRICS 


WARP 

WARP 

FILLING 

WARP  TARN 

DISPLACEMENT* 

CRIMP 

SPACING 

LENGTH 

(hi/D) 

(c.,) 

(P2/°) 

(Li/D) 

0.0 

.0000 

.0000 

.0000 

0,1 

.03U7 

.1*359 

.1*510 

0.2 

.0725 

.6000 

.61*35 

0.3 

.1138 

.711*1 

.7951* 

0.1* 

.1591 

.8000 

.9273 

o,5 

.2092 

.8660 

1.01*72 

0.6 

.261*9 

.9165 

1.1593 

0.7 

.3272 

.9539 

1.2661 

0.8 

.3977 

.9798 

1 .3691* 

0.9 

.1*780 

.9950 

1 .1*706 

1.0 

.5708 

1.0000 

1 .5708 

*  Normalized 
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The  above  table  end  relationships  apply  to  the  plain  weave  only. 
In  the  longer  float  weaves,  straight  portions  of  the  interlacing  yame 
"float"  over  two  or  more  orthogonal  yarns.  Thus  the  overall  crimp  in 
the  twill  and  satin  weaves  will  be  less  than  the  local  crimp  at  a  yarn 
interlacing.  However,  the  local  crimp  in  these  longer  float  weaves 
will  be  the  same  as  that  in  the  plain  weave.  In  addition,  the 
relationship  between  h/D  and  p/D  for  -the  longer  float  weaves  will  be 
different  from  that  of  the  plain  weave.  As  shown  below,  the  overall 
crimp  of  these  longer  float  weaves  is  a  function  of  the  local  crimp, 
the  p/D  ratio  and  the  yam  balance  (B). 

The  equation  for  overall  crimp  for  the  warp  of  a  2/1  twill  may  be 
derived  as  follows: 


Figure  3  -  Overall  Warp  Crimp  Relationships  in  3- Harness 
(2/1)  Twill 


A  repeat  of  weave  in  the  2  /l  twill,  consists  of  3  yams.  In 
Figure  3  above,  the  repeat  may  be  visualized  as  the  dis banco 
between  the  centers  of  the  two  yarns  whose  diameters  are  labelled 
Each  half  of  these  two  yams  pins  the  two  yams  under  the 
float  make  a  total  of  three  yarns.  Utilizing  the  assumption  of 
Love  (3)  for  a  maximum  weavable  twill  weave  that  "complete  flattening 
takes  place  in  that  half  of  the  yam  which  contacts  a  neighboring  yam 
under  a  single  float"  without  altering  the  fiber  packing  density,  we 
may  compute  the  average  yam  diameter  as  follows: 
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The  vertical  dimension  of  the  compressed  half  of  the  yam  remains  the 
same,  whereas  the  horizontal  dimension  is  decreased.  But  since  the  packing 
density  remains  che  same,  the  volume  of  the  half  yam  must  remain  constant. 
Considering  the  two  compressed  half  yams,  if  we  assume  that  the  combined 
volume  is  equal  to  the  volume  of  one  uncompressed  yam,  we  can  show  that 
the  width  of  the  compressed  yams  ■  O.lQZd^, 

The  length  of  the  warp  vam  as  it  lies  in  the  fabric  is  composed  of 
this  straight  length  ( .785d2)  and  two  curved  lengths  corresponding  to  the 
local  bending  of  the  warp  yarn  as  it  interlaces  the  filling  yam.  If  we 
designate  this  length  as  L1  and  the  filling  spacing  by  p2  then  from  the 
definition  of  local  crii.ip  we  haves 


L1  -  P2 
P2 


(11) 


solving  for  we  obtain 


P2  (1 


(12) 


We  have  a  basis  for  computing  the  overall  crimp  since  we  now  have 
an  expression  for  the  actual  length  of  the  yam  as  it  exists  in  the 
fabric  and  the  projected  length  of  the  yam.  Thus: 


Actual  length  ■  2p2  (l  +  c^  +  .78 


(13) 


Projected  length  *  2p2  +  .785d 


(ill) 


and  from  the  definition  of  overall  crimp  for  the  entire  weave  we 
obtain: 


C,  -  2P2C1 

1  2p2  +  .785d2 


(15) 


Substituting  B  (Beta)  for  d^/cLj  and  normalizing  in  terms  of  D 
yields  the  equation  for  overall  crimp: 
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2  (pgAQci 


(16) 


'1  2<p2/b)  +  £.785  b/(i  "  B)3 


By  analogy,  for  a  2/1  twill  the  filling  crimp  is: 


2  (p^)  c2 _ 

2(p,/D)  +  [.785/(1  +  B)1 


In  a  similar  fashion  the  overall  crimp  for  the  U-  and  5-harness 
weaves  may  be  computed  -  the  final  equations  are  as  follows: 


Harness  Weave 


Overall  Warp  Crimp 


(P2/D)  c-] 

?2/D)  +  tO.785  B/(i  + 


Overall  Filling  Crimp 


(Pl/5)  c2 

(Pl/D)  +  (0.795/(1  + 


Harness  Weave 


Overall  Warp  Crimp 


2(P2/D)  ci 

3)  +  (2.35^  B/Cl  + 


Overall  Filling  Crimp 


2(Pi/l3)  c2 

+  (2.35^/(l  + 
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To  complete  the  design  of  the  fabric,  aft dr  obtaining  the  overall 
crimp  required  to  give  the  necessary  displacement  and  thickness,  the 
standard  equations  for  cov*r  factor  in  tens  of  the  spacing  p/D  and 
Beta  may  be  used  to  provide  an  indication  of  the  cover  factor  equivalent 
of  these  two  parameters*  These  equations  for  the  different  weave 
types  are: 


Plain 


28 


*r  _  28B 

*2  p2y5(T“By 


3-Hamess 


K.  - 


t 


_ _ 

tPlMi.o&  (i  +  3))  -  1.05*1 


+  i 


r  _ 30. 2B _ 

2  “  f(p2Ml.M  Cl  +"  b))  -  1.oto 

TT5 


i 


+  B 


10 


U-Harness 


‘’'f 


(p/Dd.12  B))  -  1.12- 

TTo  . 


+  i 


K 


-  31  .iiB  _ __ 

2  r(p2/D(i.i2  (i  +  b))  -  TTiWi 

[ - 27o~ - j  +  B 


3 -Harness 


K  «=  32.2 

Ik  /DU  *15  li  +  b;; 


'  [ 


i 


—  i? 


XT 


K  m  _ 32. 2B  _ _ _ 

^  rlp2Mi.i5  h  +  b))  -  i.iSBji 
l* - 23 - j+  8 


For  each  entry  of  h/D,  c,  and  p/D  in  the  tables,  there  are  two  rows 
of  data  given.  The  first  row  provides  the  values  of  overall  crimp  for 
each  Beta  value  for  the  given  weave  and  the  second  row  of  values  provides 
the  corresponding  cover  factors.  It  should  be  noted  that  when  the 
overall  crimp  values  are  for  the  waj*p  system,  the  cover  factors  will  be 
for  the  filling  system  and  vice  versa.  In  the  case  of  the  plain  weave, 
the  overall  crimp  is  identical  to  the  local  crimp. 
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An  illustration  of  the  use  of  the  tables  is  given  below: 

Consider  the  case  of  a  three-harness  fabric  woven  to  maximum 
weavability  wi  th  nominal  11s  yarns  in  the  warp  and  9s  in  the  filling. 
What  combination  of  warp  and  filling  crimp  will  lead  to  an  overall 
thickness  of  0.025  inches  with  the  warp  crowns  projecting  above  the 
filling? 

The  predicted  thickness  from  warp  data  would  be  h-|  +  d-)  and  for 

filling  data  hg  +  do.  The  diameter  (d)  for  cotton  yams  is  .0359/  /Jt. 
Therefore,  d!  *  0.0T1  inches  and  dg  ■  0.012  inches.  D  ■  0.023 
inches  and  Beta  “  1.1.  For  the  warp  system  in  order  to  obtain  a 
thickness  of  0.025  inches: 


h1  -  0.025  -  0.011  -  0.01U 

and  -  0.61 


Entering  the  table  for  the  three-harness  weave  at  a  Beta  value  of 
1.1  and  h-|/D  of  0.61*  yields  a  warp  crimp  of  .221  or  22.156. 

For  the  filling  system: 

hg  -  0.025  -  0.012  -  0.013 
and  hg/D  -  0.56 

Entering  the  table  for  the  three-harness  weave  at  a  Beta  value  of 
1.1  and  hg/D  of  0.56  yields  a  filling  crimp  value  of  0.200  or  2C$, 

For  the  warp  yarn  crowns  to  project  above  the  filling  yams  the 
loom  take-up  would  be  set  to  produce  a  crimp  of  22.156.  The  filling 
crimp  would  then  assume  a  value  according  to  the  solution  of  the  equation: 

h,/D  +  hj/D  -  1 

h 2/D  -  1  -  0.61  *  0.39 

which  from  the  tables*  corresponds  to  a  filling  crimp  of  .125  or  12.5^. 


♦interpolate  linearly 


A  2/1  left  twill  woven  to  maximum  tightness  with  a  texture  of 
87.5  x  56.2  and  actual  yarn  numbers  of  10.9  by  8.8  was  found  to  have 
measured  crimps  of  21*. 6$  x  8.8#  which  correspond  to  the  predicted 
22.1#  x  12.5#,  and  a  measured  thickness  of  0.0256  inches  which 
corresponds  to  the  thickness  of  0.025  inches  assumed  in  the  problem. 
If  the  design  goal  had  been  set  at  0.026  Inches,  +ae  predicted  crimps 
would  be  21*. 2#  x  10.9#  compared  to  the  actual  of  21*. 6#  x  8.8#. 
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TABLE  II 


VALUES  OF  OVERALL  FILLING  CFJMF  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  EaTING  SPECIFIED  FILLING 
DISPLACaOSNT,  WARP  SPACING,  AND  LOCAL  FILLING  CRIMP 

PLAIN  WEAVES 

3 - HARNESS  WEAVES 

4 - HARNESS  WEAVES 

5 - HARNESS  WEAVES 
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ALTERNATE  ROWS  OF  TABLE  -  FIRST  L I NE=OVERALL  CRIMP.  SECOND  LINE-COVER  FACTOR 
FOR  The  PLAIN  WEAVE’  LOCAL  CRIMP=OVERALL  CRIMP 


TABLE  OF  VALUES  OF  OVERALL  FILLING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
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H/D-NORMAL IZED  DISPLACEMENT.  C=LOCAL  CRIMP.  P/D^NORMAL I ZCD  SPACING 
ALTERNATE  ROWS  OF  TA8LE  -  FIRST  LINE=OVERALL  CRIMP.  SECOND  LINE-CCVER  FACTOR 
FOR  The  OLAIN  WEAVF.  LOCAL  CRIMP=OVERALL  CRIMF 


TABLE  OF  VALUES  OF  OVERALL  FILLING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 


H/D- NORMAL I  ZED  DISPLACEMENT  »  C-LOCAL  CRIMP,  P/D-NORMAL I  ZED  SPACING 
ALTERNATE  ROWS  OF  TABLE  -  FIRST  L INE-OVERALL  CRIMP,  SECOND  LINE-COVER  FACTOR 
FOR  THE  PLAIN  WEAVE,  LOCAL  CRIMP ''OVERALL  CRIMP 


TABLE  OF  VALUES  OF  OVERALL  FILLING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 
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h/q=normal ized  displacement.  c=local  crimp.  p/d=normalized  spacing 

ALTERNATE  ROWS  OF  TABLE  -  FIRST  L INE=OVERALL  CRIMP.  SECOND  LINE«COVER  FACTOR 


table  of  values  of  overall  filling  crimp  and  warp  cover  factor 

FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 
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H/D  =  NORMAL I2ED  DISPLACEMENT.  C  =  LOCAL  CRIMP.  P/0=NORMAL I  ZED  SPACING 
ALTERNATE  ROWS  OF  TABLE  -  FIRST  L I NE  =OVERALL  CRIMP.  SECOND  LINE  =  COVER  FACTOR 


TABLE  OF  VALUES  Or  OVERALL  FILLING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 
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H/p=N0RMAl ized  displacement.  c=local  crimp.  p/d=normalized  spacing 
alternate  rows  of  table  -  first  line=overall  crimp,  second  line*cover  factor 


TABLE  OF  VALUES  OF  OVERALL  FILLING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLF  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 
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H/D  =  N0RMALIZED  DISPLACEMENT.  C  =  L0CAL  CRIMP.  P/D* NORMAL  I  ZED  SPACING 

alternate  rows  of  table  -  first  line=overall  crimp,  second  line=cover  factor 
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H/0  =  NORMAL  IZ  fD  displacement.  c  =  local  crimp.  p/d=normalized  spacing 
alternate  rows  of  table  -  first  line=overall  crimp,  second  line=cover  factor 
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H/D»NORMaLIZED  displacement.  c=local  crimp,  p/d-normalized  spacing 
alternate:  ROWS  OF  Table  -  FIRST  LINE-OVERALL  CRIMP.  SECOND  LINE-COVER  factor 


TABLE  OF  VALUES  OF  OVERALL  ^.v.ING  CRIMP  AND  WARP  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  FILLING  DISPLACEMENT 
WARP  SPACING  AND  LOCAL  FILLING  CRIMP 
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TABL~  OF  VALUES  OF  OVERALL  WARP  CRIMP  AND  FILLING  COVER  FACTOR 
FOR  MAXIMUM  WEAVABLE  FABRICS  HAVING  SPECIFIED  WARP  DISPLACEMENT 
FILLING  SPACING  AND  LOCAL  WARP  CRIMP 
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H/D  =  NOiTMALIZED  DISPLACEMENT.  C  =  1_0CAL  CRIMP.  P /D  =  NORMAL  I  ZED  SPACING 

alternate-  rows  of  table  -  first  line=overall  crimp,  second  line=cover  factor 
FOR  The  plain  weave  >  LOCAL  crimp  =  overall  crimp 
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H/D=NORMAL IZED  DISPLACEMENT ,  C  =  LOC  AL  CRIMP,  P/D  =  NORMAL I  ZED  SPACING 
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